Primary Cultures from Fetal Rat Cerebral CortexPrimary cultures were prepared from 18-day embryos (E18) of Wistar rats by a method described previously (13) , which is a modification of an established method (14) . Cerebral cortices were dissected and rinsed twice with Dulbecco's modified Eagle's medium (DMEM; Gibco) , f ollowed by incubation at 37°C in Ca?+-and Mg"-free PBS containing 0.02% papain, 0.02% bovine serum albumin, 0.02% D-cysteine HCl, and 0.5% glucose for 15 min. After the digestion, the cells were triturated using a siliconized Pasteur pipette, filtered on steril paper filter, washed twice with DMEM, and collected by centrifugation at 800 x g for 5 min. The separated cells were resuspended in 5% newborn calf serum (Gibco), 5% heat-inactivated horse serum (Gibco), 90% DMEM containing 1 mM sodium pyruvate, 50 units/ml penicillin G, 0.025 mg/ml streptomycin sulfate, and 1.2 mg/ml NaHC03. The cells were plated on 35-mm poly(D-lysine)-coated dishes (Falcon) and grown in the same medium. The primary cultures were maintained at 37°C in 97% air/3% CO, at nearly 100% relative humidity, and used in all the experiments.
Uptake of 55Fe-Citrate via the Tf-IU System-55Fe citrate (Du Pont-New England Nuclear) was used for the measurement of iron transport activity via the Tf-IU system according to a previous reports (5, 7) . Primary cultures from fetal rat cerebral cortex were washed three times with cold sodium phosphate-buffered saline (SPB), pH 7.4, to remove Tf contained in horse serum. Moreover, the endogenous Tf in the cells was removed and depleted by incubation for 1 h in serum-free MEM. During this incuba tion, Tf receptors (Tf-Rc) recycle several times from the inside of the cell to the cell surface and transport en dogenous Tf outside the cells. One apo Tf is excreted to the medium, it no longer binds to the Tf-Re. The cells were washed twice with cold SPB to remove the endogenous Tf prior to measurement of iron uptake. The cells were incubated with 55Fe-citrate for appropriate times and washed three times with cold SPB. The cell pellet was solubilized in Solvable and mixed with Econoflour, then the radioactivity was measured. When the iron uptake of cultured cells was characterized under the above condi tions, its properties corresponded to those of Tf-IU. This shows that there was no contamination of exogenous and endogenous Tfs in the medium. 
RESULTS AND DISCUSSION
Aluminum Up regulates the Transferrin-Independent Iron Uptake System in Cortical Cells-The maximum serum aluminum (Al) concentration in normal individuals is about 20,u M (19) . After chronic systemic administration to animals, Al accumulates at levels of 100 to 400 ,u M in the brain (9, 11) . Therefore, first of all, we examined the effect of Al at micromolar level on transferrin-independent iron uptake (Tf-IU) which is involved in uptake of transition metals in various cultured cells (Fig. 1) lion. As shown in Fig. 2B , Al did not strongly upregulate the Pf-IU in the control cells, compared with the cortical cells. We also observed similar phenomena in HeLa cells. Thus, Al upregulated the Tf-IU system in rat cortical cells more markedly than did transition metals.
Ca2+ Increases the Tf-IU Activity-Smith and Smith reported that fibroblasts contain a cell surface receptor for transition metals, which stimulates the release of inositol phosphate, resulting in an increase in intracellular Call concentration (20) . Therefore, we tested the effect of Call on Tf-IU in cortical cells. At physiological concentrations in cerebrospinal fluid and plasma (1.2 and 2.4 mM) (21), Call resulted in 2-and 3-fold increases above control cells without Call (Fig. 3) suggesting that Call also upregulates the Tf-IU and causes accumulation of Fe in the cortical cells under physiological conditions. In human fibroblasts, ex tracellular Call resulted in an increase of intracellular Ca 2+ at physiological and supraphysiological concentrations (3). Our observations on the effect of Call also suggest that the effect of iron on the Tf-IU system might result from an iron-induced change in the intracellular Call. Thus, Al, transition metals and Ca 2+ upregulated the Tf-IU in the cortical cells. is observed in human skin fibroblasts (3). Al Accumulated in the Cells Increases the Aconitase Activity-IRE-BP was recently cloned and shown to have 30% identity with mitochondrial aconitase (24, 25) . This similarity has led to the proposal of a model for a mecha nism by which IRE-BP might act as an iron sensor (26) . IRE-BP contains an Fe-S cluster and, in its enzymatically apo-aconitase, we partially purified cytosol aconitase (IRE-BP) from rat cerebral cortex by a reported method (27) . When the IRE-BP was exposed to Al , the increase of activity was dependent on Al concentration (Fig . 7) . Moreover, we demonstrated by band shift assay using ironresponsive element that the increasing concentration of Al decreased the amount of IRE-BP bound to IRE (S . Oshiro, unpublished information). These results suggest that Al accumulated in the cells increases aconitase activity by binding to IRE-BP.
Taken together, our data suggest that Al accumulates in the cortical cells via the Tf-IU system, which is upregulated by Al at the physiological concentration . Thus, Al affects the iron metabolism in the cells. These results may help to explain the increased accumulation of Al both in the animal model and in AD brain. The mechanism by which the Tf-IU system is upregulated by Al is under investigation.
